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THE HELIUM ARC 
By TARO SUGA 


ABSTRACT 


1. Adirect current arc in helium at a pressure of about one-half of an atmosphere is 
described. 

2. The broadening of helium lines at the cathode shows a striking resemblance to the 
Stark effect, and is evidently due to the influence of the neighboring atoms and ions. 

3. A continuous spectrum of helium extending beyond the series limit for the two 
series 2? S—m 'P and 2 3P—m 3D is observed, as was found by Paschen. 

4. The previous investigation of Merton on the analogy between the Stark effect and 
the broadening of the helium lines in a condensed discharge is extended to the red-and- 
yellow region by means of contours obtained by a registering microphotometer. 


I. INTRODUCTION 


According to the recent work of O. Struve" and of C. T. Elvey,? 
there seems to be a close relation between the Stark effect and the 
widening of lines in certain stellar spectra. 

Struve states in his article that much help was received from 
T. R. Merton’s’ work on the comparison of the broadening of helium 
lines, seen in a condensed discharge, with their Stark effect. It seemed 
to the author that an extension of Merton’s work into the red and 
ultra-violet regions might be of some use for further studies in this 
direction. 

We have recently experimented with the direct-current helium 
arc at a pressure somewhat higher than that ordinarily employed, 
namely, 40-50 cm of mercury. 

* Astrophysical Journal, 69, 173, 1929. 

2 Ibid., p. 237. 

3 Proceedings of the Royal Society, A, 95, 30, 1918. 
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One interesting feature presented by this kind of arc is the broad- 
ening of the helium lines at the cathode, which is so strikingly analo- 
gous to the Stark effect for helium lines that one cannot fail to recog- 
nize it at a glance. 

It is true that there have already been published a number of 
papers showing the intimate connection of the Stark effect and the 
mol-electric broadening. However, the element helium plays so im- 
portant a réle in astrophysics that a closer study seems worthy of an 
effort. 

Furthermore, this work supplements that of Merton? in that 
Merton’s diagram of the broadening is compared with the contours 
obtained by a registering microphotometer. For this purpose a con- 
densed discharge in helium was also used as a source in addition to 
the helium arc. 


2. EXPERIMENTAL 
The arc we employed is shown in Figure 1. S is a silica bulb of 
about 3-liter capacity. It was provided with three windows W,, W.., 
and W,, all closed by silica plates, and a charcoal bulb B which was 
immersed in liquid air during operation. 


For the cathode C and the anode A we used solid tungsten cylin- 
ders about 2 cm long, having diameters of 6 and 8 mm, respectively. 
A and C were both screwed on to tungsten rods of 2-mm diameter 
and about 1to-cm length. These were sealed into pyrex glass and 
then connected with the main silica bulb with two quartz-pyrex 
joints. The electrodes were covered with quartz excepting the end, 
and were about 1 cm apart. 

For excitation, a 2.5-kw D.C. generator of 500 volts was used, 
the current in most cases being 3 or 4 amperes. In order to start the 
arc, a condensed discharge from an induction coil was first passed 
between A and C. The form of the arc was narrow at the cathode, 
widening gradually toward the anode, the intensity of the light being 
very strong at the narrow portion. It was this narrow bright part 

t Stark, Elektrische S pektralanalyse chemischer Atome, Leipzig, 1914; Lowery, Philo- 
sophical Magazine, 49, 1176, 1925; Holtsmark and Trumpy, Zeitschrift fiir Physik, 31, 


803, 1925; Nagaoka and Sugiura, Scientific Papers of the Institute of Physical and Chem- 
ical Research (Tokyo), 2, 139, 1924; Takamine and Fukuda, ibid., 1, 207, 1924. 


2 Loc. cit. 
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at the cathode where the lines showed the broadening quite similar 
to that observed in the case of the experiments on the Stark effect. 
Generally the arc burned quite steadily showing only helium 
lines, but occasionally it flickered and brought out the lines of im- 
purities. In such cases it was later found that the edge of the quartz 
tube surrounding the elec- 
trodes had been melted. 
In order to purify the 
helium, the gas was kept 
circulating through a sys- 
tem consisting of an all- 
metal diffusion pump 
made by Leybold, two or 
three charcoal bulbs cooled 
by liquid air, and finally 
a CuO, vessel heated at 
500° C. A Tépler pump 
and an open-end mercury 
manometer served for fill- 
ing the quartz bulb with 
pure helium up to the 
pressure of 50 or 60 cm. 
The optical instru- 
ments used were a quartz 
spectrograph of size E2, a Te. 
spectrograph of uviol 
glass, and a wave-length spectrometer with camera attachment, all 
made by Hilger. For photography in the ordinary region we used 
Ilford Special Rapid or Ilford Process plates, and for the near infra- 
red portion, ““Extreme-Red Sensitive’’ plates by the Eastman Kodak 
Company, or Ilford special rapid panchromatic plates. The expo- 
sures ranged from a few seconds up to 30 minutes. 


3. RESULTS 


The analogy between the broadening and the Stark effect is most 
strikingly shown in Plate V, Figure 2. Here (a) is the photograph of 
. the helium arc taken by a Hilger uviol spectrograph, while (c) is 
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the picture of the Stark effect taken with the Hilger quartz spectro- 
graph E6. The latter was taken by Mr. Y. Fujioka’ during his 
studies on the Stark effect in helium employing Lo Surdo’s method, 
and was kindly placed at the author’s disposal. 

Besides the unmistakable correspondence in the manner of the 
broadening, we can at once recognize the appearance of the follow- 
ing “forbidden” lines in the spectrogram of the helium arc: 


“LE 


The amount of broadening is smaller in the arc than in the par- 
ticular picture of the Stark effect here taken, the maximum electric 
field at the surface of the cathode being about 120 kv/cm for the 
latter. 

On the other hand, higher members of the 23P—m ’D series 
come out with great intensity up to the thirteenth member. The 
same feature for 2*S—m'P series is shown in Plate V, Figure 3, 
taken with the Hilger quartz spectrograph Ez. 

For each of the two series 2 3P —m 4D and 2 'S—m'P, we notice 
that the higher members merge into a continuous spectrum which 
extends far out beyond the series limit. In Plate V, Figure 4, we re- 
produce a photograph showing the continuous spectrum for the 
series 23P—m 3D. 

This corresponds exactly with what Paschen? published in 1926 
in his work entitled ‘‘Serienenden und molekulare Felder’’; and these 
data were later used by Robertson and Dewey’ in their work on the 
Stark effect and series limit. 

In the experiment of Paschen, the pressure in the discharge tube 
was very low compared with the present case so that the resulting 


* Scientific Papers of the Institute of Physical and Chemical Research (Tokyo), 7, 
263, 1927. 
2 Sitzungsberichte der Preussischen Akademie der Wissenschaften, 16, 135, 1926. 


3 Physical Review, 31, 973, 1928. 
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spectrogram naturally showed quite different features. For instance, 
in the cathode glow of a cylindrical electrode, Paschen obtained the 
lines of 23P—m 3D and 2*P—m'D series clearly decomposed into 
Stark components, whereas in our case these lines are merely broad- 
ened on account of the heterogeneous field. 

On the other hand, the reduced pressure in the case of Paschen 
brought out the helium band spectrum, which is seen superimposed 
or the continuous spectrum. For the purpose of measuring the in- 
tensity of the continuous spectra of helium, as was attempted by 
Robertson and Dewey,’ it would seem that the helium arc here de- 
scribed would serve better, especially as regards its strong intensity 
which enables us to get a spectrogram with only a few seconds’ ex- 
posure. 

Turning to the red-and-yellow part, we notice that the amount 
of maximum electric field in the case of the arc is not large enough to 
show the analogy between the Stark effect and broadening. Conse- 
quently, for this part we find it more convenient to employ a heavily 
condensed discharge in helium instead of the helium arc. 

The method of excitation here used has already been described 
in section 2. The optical instruments employed were either Hilger’s 
. wave-length spectrograph with a camera or a plane-grating spectro- 
graph with the collimator and objective lenses of 6-cm aperture and 
60-cm focal length. 

The contours obtained by a registering microphotometer after 
Moll, constructed by Kipp and Zonen, are shown in Figures 5a, 50, 
and 5c, Plate VI. 

Figure 5a shows the unsymmetrical broadening of the D, line 
(2 3P—3 3D); as was already observed by Takamine’ in 1926. This 
is in agreement with the fact that the Stark effect for this line was 
found to be a shift in the same direction.’ Further, as marked by an 
arrow, the appearance of the forbidden line \ 6069 (2 3P—3 8P) is 
clearly seen in the curve. 

* Loc. cit. 

- Scientific Papers of the Institute of Physical and Chemical Research (Tokyo), 5, 55, 
1926. 
3 Takamine and Kokubu, Memoirs of the Callege of Science, Kyoto, 3, 81, 1918; 


Ishida and Kamishima, Scientific Papers of the Institute of Physical and Chemical Re- 
search (Tokyo), 9, 117, 1928. 
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Figure 5 shows the broadening of \ 6678 (2 3P—3 *D) to the red 
and also the appearance of the component 6632 (2 *P—3'P) on the 
violet side. This is in good accord with results for the Stark effect 
obtained in 1916 by Takamine and Kokubu,’ who noted the red 
shift of the main line in an electric field. In 1927 Ishida and Ka- 
mishima? not only confirmed this point, but found the appearance of 
the forbidden line 6632 under much more improved experimental 
conditions. 

Figure 5c shows the contour of lines in the region from \ 5016 to 
4713. It will be seen that the essential features are entirely analo- 
gous to those given by Merton.’ 


In conclusion the writer wishes to express his sincere thanks to 
Professor T. Takamine for his kind guidance and for the deep in- 
terest he has taken in the present experiments. 


ToKyo 
August 1929 


t Loc. cit. 2 Loc. cit. 3 Loc. cit. 


THE RADIAL VELOCITIES OF 741 STARS* 
By W. S. ADAMS, A. H. JOY, R. F. SANFORD, anv G. STROMBERG 


ABSTRACT 


This catalogue contains the radial velocities and spectral types of 741 stars observed 
at Mount Wilson with spectrographs of one-prism dispersion. The visual magnitudes 
range from 3.0 to 10.8, many faint dwarf stars being included. 

The following corrections have been applied to the directly measured values: 
F, +0.5 km/sec.; G, 0.0; K, —o.9; M, —o.8. 

Comparisons are made with 142 stars observed in common with the Lick Observa- 
tory, and 96 stars observed at the Dominion Astrophysical Observatory. 

The asymmetry of stellar motions is shown in a striking way by the numerous stars 
of high radial velocity. 


This catalogue of radial velocities contains the results for 741 
stars observed at Mount Wilson during recent years with the spec- 
trographs at the Cassegrain focus of the 60-inch and 1oo-inch re- 
flectors. In all cases a dispersion of one prism has been used, but the 
prism employed in the spectrograph of the 60-inch telescope is of 
somewhat denser glass than the other and affords a larger scale. 


Cameras of :8-inch focal length are used in both instruments, sup- 
plemented in the case of the spectrograph of the 100-inch telescope 
by a 1o-inch camera for observations on the fainter stars. The 
linear scaie of the spectrograms ranges from 37 A to the millimeter 
at Hy for the spectrograph on the 60-inch telescope with the 18- 
inch camera, to 76 A for the spectrograph on the 1oo-inch with the 
1o-inch camera. 

Table I gives the results found for the radial velocities. The 
arrangement is the same as that in Mt. Wilson Contribution, No. 
258.” The list contains stars ranging in visual magnitude from 3.0 to 
10.8. The photographic magnitudes of many of the fainter stars 
reach 11.0. The brighter stars were observed for the double purpose 
of providing spectra suitable for determinations of absolute magni- 
tude and parallax and of furnishire a comparison with the values for 
such stars measured at the Lick Ubservatory. The number of stars 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash- 
ington, No. 387. 
2 Astrophysical Journal, 57, 149, 1923. 
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in each spectral type based on our own classification is as follows: 
O, 1; B, 19; A, 71; F, 132; G, 193; K, 189; M, 136; total, 741. 

A large proportion of the fainter stars are dwarfs with large prop- 
er motions. They were photographed with the 10-inch camera. The 
radial velocities of all such stars have been rounded off to even 
kilometers. The same procedure has been followed for stars of types 
B and A, observed with the 18-inch camera; but for other types the 
fractional part of the kilometer has been retained. 

Soon after the publication of the Catalogue of Stellar Radial Ve- 
locities by the Lick Observatory a comparison was made between the 
results for all stars observed in common at the Lick and Mount Wil- 
son observatories. The systematic differences and average devia- 
tions for a single star in a total of 534 stars are as follows: 


No. Mt. W.-Lick Aver. Dev. 


km/sec. km/sec. 

86 +0.51 .g (Good lines, 2.4) 
81 — .24 .7 (Good lines, 3.0) 
73 — .52 

74 — .0§ 
162 + .gI 
58 +0.84 


The greater dispersion used for the Lick spectrograms and the 
high order of accuracy attained in their measurement have led us to 
apply these values as corrections to the results derived from the low- 
dispersion Mount Wilson spectrograms for all stars of advanced 
spectral type. The differences are especially significant in types K 
and M, where they seem to be due mainly to the wave-lengths of 
some of the blended lines used on the plates of smaller scale. In the 
present list no correction has been applied to stars of types B and A, 
but for the remaining types the following values have been used 
throughout: F, +0.5; G, 0.0; K, —o.9; M, —o.8. 

Our list contains 142 stars in common with the Lick Observatory 
Catalogue, some of which were used in the previous comparison, but 
many of which are new. There are also 96 stars in common with 
published lists from the Dominion Astrophysical Observatory at 
Victoria. The results of a comparison with these stars are shown in 
the table on page 236. 


Type 
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The average deviation for a single star for types F—M is 2.2 
km/sec. when compared with the Lick values, and 2.3 km/sec. when 
compared with Victoria. In a few cases, especially among stars of 
type F, the size of the differences suggests the probability of vari- 
able velocity, but all values have been included in the comparison. 

An interesting feature of the results, but one which would natu- 
rally be expected in a list containing so many stars of large proper 
motion, is the exceptional number of stars with high radial veloci- - 
ties. Corrected for the solar motion, twenty-six velocities exceed 
70 km/sec., and seven exceed 100 km/sec. Two of the latter are for 
stars previously observed by Luyten. No exact count has been made 
of the number of velocities greater than 50 km/sec., but there are 


Mt. W.-Lick Mt. W.-Victoria 


at least seventy. These stars show in a very marked way the asym- 
metry of stellar motions studied by Strémberg, the result being an 
almost complete absence of stars of large positive velocity in the 
northern sky between fifteen hours and two hours of right ascension. 

Six stars, two of which are fainter than the ninth magnitude, are 
shown by the radial velocities and proper motions to be members of 
the Taurus group. The mean value of their radial velocities is 
+39.1 km/sec. The faintest star photographically in the entire list 
is the distant companion of Capella, a dwarf star of type M2. In 
view of the low dispersion employed, its radial velocity, +36 km/ 
sec., is in satisfactory agreement with the motion of the principal 
star, +30.2 km/sec. The components of seven Struve double stars 
show considerable disagreement in radial velocity. As they are 
mostly wide pairs it is probable that they are optical doubles. They 
appear in the Catalogue as BG.C. 3319, 4062, 6064, 7212, 12317, 
Boss 4101—2 and 4340-1. 


CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
October 1929 


Type No. 

km/sec. km/sec. 
12 + .7 30 +0.3 
28 — .7 26 +1.1 
31 +o.1 


THE STARK EFFECT AS A MEANS OF DETERMINING 
COMPARATIVE ABSOLUTE MAGNITUDES 


By OTTO STRUVE 


ABSTRACT 

The ratio of intensity of the forbidden helium line \ 4470 to that of the permitted 
line \ 4472 is used for the determination of relative absolute magnitudes of B-type stars. 
The total range of absolute magnitude within a single spectral subdivision is of the order 
of 3 mag. The star 67 Ophiuchi, of type Bsp, is found to be highly luminous; its abso- 
lute magnitude is 3.0 mag. brighter than that of 88 y Pegasi, of type Bz, and its dis- 
tance is estimated at 600 parsecs. This is verified by the fact that 67 Ophiuchi has a 
fairly strong interstellar line of Ca*. 

There are four distinct criteria for determining the intensity of 
the mol-electric Stark effect in stellar spectra: (1) the intensity of 
forbidden lines of helium; (2) the widths of the Balmer lines of hy- 
drogen; (3) the difference in haziness between members of the series 
(2P—mD) and members of other series, in parhelium as well as in 
orthohelium; (4) the amount of shift in wave-length caused by the 
unsymmetrical widening of certain helium lines. 

In my former papers' I have shown that all four criteria give 
reasonable results, and that the observed phenomena lead to an 
average pressure of 10-4 atmospheres in the reversing layers of the 
stars. Criteria (2)-(4) are complicated by the effect of broadening 
caused by the number of active atoms present, and consequently in- 
volve the theory of ionization. The present paper will be limited to 
a discussion of the intensities of forbidden helium lines. Broadening 
due to axial rotation has been eliminated by using only those stars 
in which the lines of the heavier elements appear perfectly sharp 
and narrow. 

If F designates the electric force at a distance x from a free elec- 


tron (or single positive charge) we have 


* Astrophysical Journal, 69, 173, 1929; 70, 85, 1929; see also C. T. Elvey, ibid., 69, 
237, 1929; 70, 141, 1929; J. Pauwen, ibid., p. 263, 1929. 
237 
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If there are m charges per cubic centimeter, we have approximately 


x=c-n-3 
so that 
F=c-e-ni. 


Boyle’s law for perfect gases gives 


where P is the total pressure of the gas. Let us assume that Px p’, 
where ?’ is the partial pressure of the free electrons. Then 


2 
F=const. ‘ 


We can now express ’ as a function of the temperature T and of g, 
the acceleration of gravity at the surface of the star. According to 
E. A. Milne,’ 


Consequently, 


F=const. e+ 
The quantity g can be expressed in terms of absolute magnitude and 
temperature by the following substitutions: 
g R2 
log w= —0.133M+0.645 , 
log R= —o0.2M—2 log T+8.53 , 


where »=mass of the star, R=radius of the star, M=absolute 
bolometric magnitude. We obtain 


log F=+0.1M—0.67 log T+ const. 


* Monthly Notices of the Royal Astronomical Society, 85, 782, 1925. 

2 Astrophysical Journal, 70, 102, 1929. 

3 Since the width of a line is approximately proportional to the field, log W =0.1M — 
0.67 log T+const. This formula should be substituted for the one used in Astrophysical 
Journal, 70, 102, 1929, in which I have incorrectly omitted 7. In the particular problem 
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If two stars have been observed in which the electric fields are F, 
and F, we find the difference in absolute magnitude 


M,— M,=10 log log 


Stellar spectra do not directly give the values of F, and F,. The 
observed quantities are the intensities of the forbidden lines and of 
the permitted lines. Consider the two lines (2'f—43f) =X 4470 (for- 
bidden) and (23—45d) =X 4472 (permitted). For emission lines in 
a constant electric field the following relationship has been derived 
theoretically and tested in the laboratory :* 


I(23p—43f) 

- 
For the p-components, polarized parallel to the field, the constant A 
has the value? 6.6 X10", F being expressed in volts per centimeter. 
For the s-components A has a slightly different value. 

It would probably not be correct to use the same constant for 
stellar absorption lines. The relative intensities may not be exactly 
preserved in absorption; furthermore, we are dealing here with a 
fluctuating effect. The effective value of F is an average of the 


discussed there, the temperature cannot be omitted. The result will be a slightly smaller 
value for the change in maximum line-width. The conclusion that Stark effect will tend 
to produce a shift in the observed maximum of the wings of a line is, of course, unal- 
cered. 

Dr. P. W. Merrill has kindly called my attention to another oversight. The two 
lines mentioned at the top of p. 98 of my former article (ibid.) should be Si** 3924 and 
He 3926, instead of 4024 and 4026. 

tT am indebted to Professor Takamine and to C. T. Elvey for calling attention to 
this relationship and to the work of Miss Dewey (see next footnote). 

© 7J. M. Dewey, Physical Review, 28, 1108, 1926; 30, 770, 1927. Attention may be 
called to a few numerical errors in Table II (p. 1120) of Miss Dewey’s first paper. These 
are easily corrected by means of her actual intensities. It is somewhat disconcerting to 
find that for the same lines T. Takamine and S. Werner (Die Naturwissenschaften, 14, 
47, 1926) find a ratio: 
1(4470) _ 
1(4472) 
for F=13,200 volt/cm. Miss Dewey finds much smaller values, and explains the dis- 
cordance by the small resolving-power of the spectrograph used by Takamine and Wer- 
ner. An important paper on the Stark effect and series limits by H. P. Robertson and 
J. M. Dewey appeared in’ Physical Review, 31, 973, 1928. 


; 
; 
x 
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squares of the individual molecular fields, and not the arithmetical 
mean of the F’s. It does seem permissible, however, in the absence 
of more accurate laboratory data on the intensities of absorption 
lines affected by molecular Stark broadening, to preserve the rela- 
tion 
4470) 
14472) 


This leads directly to the following expression: 


M,—M.=5 log log 


14470) 
(4472) 


If we limit ourselves to stars of a single spectral subdivision we may. 


put 
=> 
so that 


M,—M.=5 log . 


For the intensities of the lines we use total absorbed energies. If the 
contour of a line is given as a function of the wave-length, J(A), we 


have 
O 
fT 


The integration was performed graphically for the star 88 y Pegasi 
(Bz) on the contours determined by J. Pauwen." The result is 


i;=0.19. 


This is the largest value of 7 thus far found for any star. In many 
other stars the forbidden line at \ 4470 is so faint that the photo- 
metric method becomes quite unreliable. The star 67 Ophiuchi (Bsp) 
shows a bare trace of \ 4470 on the best plates. A rough estimate 
leads to 


1,=0.05 


t Astrophysical Journal, 70, 263, 1929. 


where 
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so that 


Substituting this in our equation, we find 
M,—M.=5 log 4=3.0 mag. 


The star 67 Ophiuchi is by 3.0 mag. more luminous than 88 vy Pe- 
gasi, in spite of the fact that its spectra: type is B5p while that of 
Pegasi is Bz. Adopting for y Pegasi the visual absolute magnitude 
— 2.0, we find the following distances for the two stars: 


Sp. Vis. Mag. Abs. Mag. 


(— 2.0) 


—5.0 


B2 2 
Bsp 3 


9 
9 


The great distance of 67 Ophiuchi can be checked by means of the 
calcium line K. At 600 parsecs we may expect a fairly strong inter- 
stellar line having an intensity of three units or more, on my arbi- 


TABLE I 
RADIAL VELOCITY OF 67 OPHIUCHI 


Date Vel.—Star Vel.—Ca.+ 


1903 Oct. 17.540 G.M.T..... + 2.2 km/sec. —12.1 km/sec. 
1906 Apr. 27.885 G.M.T..... +0.3 — 7.4 
1929 July 19.246 U.T........} —1.4 — 7.9 
1929 July 27.174 U.T........| —0.6 —12.7 


—I6.0 


trary scale.t The average Bs star has a weak stellar line of calcium 
of intensity 2 or less.2 Consequently the interstellar line should pre- 
dominate in the spectrum of 67 Ophiuchi. I have verified this from 
measures of the radial velocity (Table I). I have also checked the 
spectral type of 67 Ophiuchi and found it to be B5. The Harvard 
and Mount Wilson criteria make it definitely later than B3. So far 
as is known to me, this is the first B5 star found to have interstellar 
calcium lines. 

* Monthly Notices of the Royal Astronomical Society, 89, 570, 1929 (Fig. 1). 

2 Astrophysical Journal, 67, 379, 1928 (Fig. 3). 


Distance in 
Star Parsecs 
| 
Measurer 
O. J. Lee 
O. J. Lee 
Struve 
Struve 
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The large value of (M,—M.,) found above suggests that there is a 
considerable dispersion in absolute magnitudes among the B stars. 
The total range may even exceed the value of 3.0 mag. This is in 
good agreement with my former results from star-counts' and from 
the interstellar calcium lines.’ It is further supported by the statis- 
tical investigations of A. Pannekoek.* 

It was not possible to extend the investigation to other forbidden 
lines. The laboratory data of J. M. Dewey* show that most other 
forbidden lines of helium in the photographic region of the spectrum 
are very faint. On our plates the companion to A 4388 is not well 
separated from the permitted lines; \ 4922 is usually not in the best 
focus, and for \ 4026 the resolution is too complicated; \ 4519 and © 
d 4047 as well as d 4gr1 are far too faint for all practical purposes.5 
I have made an attempt to observe the forbidden lines at \ 6632 and 
at \ 6069, noted by T. Suga.° The first line lies in a region where the 
sensitivity of the plate falls off rather rapidly, and very long ex- 
posures would be required to photograph it with sufficient disper- 
sion. On a plate of 88 y Pegasi, \ 6069 cannot definitely be seen. 
This may be due to the lack of contrast of the photographic plate, 
but it seems more probable, from Suga’s curves; that the line is too 
faint for our equipment. 


YERKES OBSERVATORY 
November 8, 1929 


t Astronomische Nachrichten, 231, 17, 1927. 

2 Monthly Notices of the Royal Astronomical Society, 89, 567, 1920. 

’ Publications of the Astronomical Institute of the University of Amsterdam, No. 2, 
1929. 

4 Op. cit. 

5 Astrophysical Journal, 70, 91, 1929. 

6 Tbid., 70, 201, 19209. 
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THE ABSORPTION BAND RECORDED IN 
STELLAR SPECTRA AT  } 4200 


By C. T. ELVEY anp R. S. ZUG 


ABSTRACT 


The absorption band at d 4200 in the plates of four stars made with the Bruce spec- 
trograph attached to the 40-inch refractor of the Yerkes Observatory is about 120 A 
wide and centered near \ 4195. The central depth of the band is 9 per cent absorption 


of the continuous spectrum. 
Observations were made of the amount of selective absorption in the glass of the 


optical system and they fully account for the stellar band. The contours of the bands 


were determined. 
The crown lens of the 40-inch objective exhibits the weak absorption band at \ 4345. 


It is suggested that a part of the absorption bands near d 3800 in stellar spectra 
also might be due to the glass. 


The wide absorption band photographed in stellar spectra ap- 
proximately at wave-length \ 4200 has been recorded by a number 
of observers. Perhaps the first notice of the band is that of H. 
Shapley’ in 1924. He finds in the spectrum of Vega an absorption 
band about 80 A wide between Hy and H6. The average loss of 
light from the continuous spectrum is a little over 2 per cent and 
the maximum loss, which is near \ 4160, is 3.5 per cent. He at- 
tributed the absorption to the cyanogen band at \ 4215 which has 
been identified in the spectra of stars of late type. In 1928 Shapley’ 
again discussed this absorption band in the spectra of one hundred 
stars In some of the spectra the band is missing, while in others 
it is quite strong. It occurs apparently in all spectral classes. In 
the nebulous region of the Pleiades the intensity of the band is 
much higher than the average. The limits of the band vary through 
a considerable range. The average value of the limit for the violet 
side is \ 4150 and for the red side \ 4244. If the band is symmetri- 
cal the center would be at \ 4197. However, in his summary Shapley 
gives the center as being near \ 4180. Also, in the summary he 
says, ‘“The variety in its strength and limits, even for closely ad- 
jacent stars photographed on the same plate, shows that it is real 
and not instrumental.” 
* Harvard Bulletin, No. 805, 1924. 
2 Ibid., Nos. 856, 857, 1928. 
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Shortly after the foregoing articles of Shapley appeared W. J. S. 
Lockyer’ presented a communication which he summarizes as follows: 

(1) The spectra of many B-type stars photographed at the Norman Lockyer 
Observatory at Sidmouth display a strong absorption band between the limits 
\ 4170 and \ 4250 approximately. (2) The presence of this band cannot be 
explained as due either to the absence of bright lines in that region [this was an 
explanation given by Lockyer in an earlier paper (Monthly Notices, 86, 4096, 
1926)] or to local absorption caused by the optical parts of the instrument used. 
(3) Reference is made to Dr. Shapley’s investigation of the presence of this 
band in stars of all spectral classes and to his suggested origin as due to cyano- 
gen. 

At the Amherst Meeting of the American Astronomical Society 
Mrs. Laura Hill McLaughlin? reported on the bands between Hy — 
and H6 in early type stars. From a study of some two hundred mi- 
crophotometric tracings of spectrograms of y Lyrae and 8 Lyrae 
she obtains bands which have centers at \ 4310, \ 4275, and \ 4215. 
She says, “Estimates of intensity are valueless, due to differences 
in density of the individual spectrograms; actual measures are al- 
most valueless, due to the extreme faintness of the bands.”’ The 
bands are attributed to absorptions in the upper atmosphere. In- 
tense absorption bands in the spectra of 8 Lyrae and P Cygni on 
the same night are correlated by her with a strong aurora on that 
night. On the plate of 8 Lyrae the greatest absorption is between 
d 4220 and H65; and on the plate of P Cygni the greatest absorption 
is between Hy and ) 4175. 

Miss Carol Anger’ records on plates made with the slit spectro- 
graph of the Dearborn Observatory an absorption band of variable 
intensity which extends from approximately \ 4178 to \ 4210 in 
the spectrum of a? Canum Venaticorum. Also, Miss A. V. Douglas 
presented at the Ottawa Meeting of the American Astronomical 
Society, September, 1929, a paper entitled ‘Anomalous Behavior of 
Cyanogen in Three Variable Stars.”’ She records a correlation of the 
variation of the intensity of the band \ 4200 with the periods of 
some Cepheid variables. 

Shapley‘ in December, 1928, withdraws his identification of the 

* Monthly Notices, 89, 127, 1928. 

2 Popular Astronomy, 36, 601, 1928. 

3 Astrophysical Journal, 70, 117, 1929. 

4 Op. cit., No. 862, 1928. 
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band at A 4200 with the cyanogen band at \ 4215. With the as- 
sistance of Professor E. S. King he has shown that a large part of 
the absorption band is due to the glass of the optical system. He 
calls attention to some measurements of the transmissions of the 
optical glasses of the refractor of the Potsdam Astrophysical Observa- 
tory by Miller and Wilsing in which they show an absorption band 
at \ 4186. We may quote from Everett’s translation of Hovestadt’s 
Jena Glasses (p. 48): 

Further, it was found that a plate about 15 cm. thick of flint O 340 produced 
two absorption bands; one faint and diffused, having its centre at 0.437 uw, the 
other conspicuous, with sharply defined edges, at 0.4186 wu. The breadth of the 
latter corresponded to a difference of wave-length 0.0035 u. The latter band 
also showed itself, but not so strongly, with a plate of crown O 203 about 14 
cm. thick. The heavy flint O 102 showed no absorption band. 


A. Pannekoek and M. G. J. Minnaert' in their photometric 
study of the flash spectrum of the solar eclipse of June 29, 1927, 
have determined the apparent intensities in the continuous spec- 
trum of a standard lamp through the spectrograph used at the 
eclipse. The curve of intensities shows a minimum near A 4200 
which they identify as selective absorption in the optical glass. 
There is another minimum at \ 4400 which is certainly real, but 
they have not identified it. 

In view of the observations showing the presence of an absorp- 
tion band in optical glass at about the same wave-length as the 
band observed in stellar spectra, we have attempted to make a 
quantitative determination of the amount of the selective absorption 
in the optical system of the Bruce spectrograph attached to the 4o- 
inch refractor of the Yerkes Observatory. 

Perhaps at this point it will be well to recall the dimensions of 
the optical parts of the equipment. The crown lens of the 40-inch 
objective is 19 mm thick at the edge and 60 mm thick at the center. 
The flint lens is 51 mm thick at the edge and about 32 mm at the 
center. The correcting lens, designed by F. E. Ross, is composed 
of two elements, a flint lens of axial thickness of 12 mm, and a crown 
lens which has a thickness of ro mm. In the spectrograph the colli- 
mating lens is a quadruple isokumatic by Hastings. We do not know 


* Verhandlingen der Koninklijke Akademie van Wetenschappen te Amsterdam, 
Afdeeling Natuurkunde (eerste sectie), 13, No. 5, p. 24, 1928. 
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the thickness of this lens system. The prism is of Jena glass No. 
O 102, and the average thickness is g7 mm. The camera lens is a 
quadruple designed by Ross. The axial thickness of the crown glass 
is 11.2 mm and of the flint 5.2 mm. 

First we took standardized spectrograms of several stars and 
analyzed them with the registering microphotometer to determine 
the extent and depth of the absorption bands in their spectra. 
Within the errors of observation the bands in the various spectra- 
are of the same shape and size. The band is about 120 A wide with 
its center near \ 4195. This agrees well with the mean of the limits 
given by Shapley for the band. The central intensities of the bands, 
expressed in stellar magnitude by which the continuous spectrum is 
decreased and in percentages of absorption of the continuous spec- 
trum, are: 17 Leporis, 0.13 mag. or 11 per cent; 27 Canis Majoris, 
0.10 mag. or g per cent; 50 a Cygni, o.10 and 0.09 mag. or g and 8 
per cent; and a Canis Majoris, 0.09 mag. or 8 per cent. The two 
spectrograms of a Cygni were taken as similarly as possible in order 
that they might be used for a comparison of two developers. The 
contrasts of the two spectrograms are very different, but the results 
are in good agreement. The plate of a Canis Majoris was taken 
with a large extra-focal image of the star on the slit of the spectro- 
graph so that any effects of atmospheric dispersion, or the secondary 
spectrum of the refractor and the correcting lens, would be elimi- 
nated. 

The mean contour for the absorption band in stellar spectra is 
shown in Figure ta. 

To obtain an idea of the amount of the selective absorption that 
is due to the glass of the optical system we have taken spectrograms 
of artificial sources of light which have a continuous spectrum. A 
projection lantern was mounted on the inside of the dome so that 
a beam of light could be projected down the telescope. A strong 
absorption band was found in the spectrum. The center of the band 
was very near \ 4200 and its width was about 135 A. The loss of 
light at the center of the band was 0.18 mag., which corresponds to 
16 per cent absorption of the continuous spectrum. Observations 
were made with the use of the spectrograph and the projection lan- 
tern only. The result is a similar band, but of less intensity. The 
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loss of light was 0.09 mag. or 8 per cent absorption. Taking the 
difference of the two losses expressed in magnitudes, we have the 
loss due to the 40-inch objective and the correcting lens. This 
amounts to 0.09 mag. or 8 per cent. 

Since there is a large amount of glass in the lenses of the pro- 


jection lantern we repeated the experiment with the use of a 500-. 


watt Mazda lamp for the source of light. The results in this case 
were a loss of 0.21 mag. or 18 per cent in the entire optical system 
and 0.11 mag. or 10 per cent in the spectrograph. This leaves a 
net loss of o.10 mag. or g per cent absorption of the continuous 
spectrum at d 4200 for the 40-inch objective and the correcting lens. 

A spectrogram of a 1oo-watt Mazda lamp was also taken with 
the spectrograph, but not through the telescope as the exposure 
was rather long. The result was 6 per cent absorption of the con- 
tinuous spectrum. 

The contours of the absorption bands are similar. The mean 
of the absorption of the entire optical system has been plotted in 
Figure 16, and the mean for the absorption in the spectrograph in 
Figure tc. 

For a short interval the spectrograph was converted into a two- 
prism instrument, the only change in the optical system being the 
addition of another prism. Observations of the absorption band 
were taken through the entire optical system which gave a loss of 
light of 0.19 mag. This is in good agreement with that obtained 
with the single-prism spectrograph and indicates that the addition 
of another prism did not increase the amount of absorption. The 
prisms are of dense flint glass O 102. Miiller and Wilsing, as noted 
above, did not find any absorption bands in this type of glass. 

The observed loss of light at \ 4200 in the 40-inch objective and 
the correcting lens agrees with that found for the stellar observa- 
tions, but does not allow for any loss in the spectrograph. Since 
the three different sources give about the same results for the absorp- 
tion in the spectrograph and since it seems rather improbable that 
all of the loss is in the glass of the lamp bulb, we expect that part of 
the absorption is in the instrument. Then the loss obtained from 
the spectra of artificial sources would seem to be greater than from 
the spectra of stars. However, if the greater part of the selective 
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absorption is in the crown glasses of the optical system there is no 
disagreement, for the light from the lamps traverses only the centers 
of the lenses of the telescope. 

To test if the central parts of the lenses produce greater absorp- 
tion than the peripheral zone, we obtained spectrograms of Vega 
with the 40-inch objective diaphragmed to an aperature of 10 inches, 
and others with the light coming through the outside 5 inches of 
the objective. The resulting losses on two spectrograms taken 
through the central zone of the optical system were the same, 0.13 
mag. or 12 per cent absorption. The spectrograms through the 
outer zone gave losses of 0.05 mag. or 5 per cent absorption each. — 
This shows that a large part of the absorption is in the crown glasses 
of the telescope and spectrograph. The contours are shown in Fig- 
ures 1d and te. 

We were able to obtain some measures of the amount of the 
selective absorption in the crown lens of the 40-inch objective by 
placing a mirror between the two elements of the objective to re- 
flect a beam of light from a too-watt lamp back through the glass 
and into the spectrograph. The mirror was silvered on the front 
surface. Control plates were taken with the use of the same mirror, 
and in each case precautions were taken to insure full illumination 
of the collimating lens. The results from the double thickness of 
the 40-inch crown lens are 0.11, 0.11, and 0.15 mag. loss of light at 
X 4200 or Io, 10, and 13 per cent absorption of the continuous spec- 
trum. The control plates gave losses of 0.05, 0.06, and 0.05 mag. or 5, 
6, and 5 per cent. The mean contours are shown in Figure 1f and rg. 

The spectrograms taken through the double thickness of the 
crown lens show another absorption band which is not present in 
the control plates. This band has a center near \ 4345 and has a 
width of about 115 A. The loss of light in the center of the band is 
0.05, 0.06, and 0.05 mag. or 5, 6, and 5 per cent absorption. The 
mean contour is shown in Figure rh. 

This absorption band is probably the same one found by Miiller 
and Wilsing (Joc. cit.) at \ 4370 in flint glass O 340. Also, a depres- 
sion in the transmission curve for Bausch and Lomb mirror glass as 
given by Gibson, Tyndall, and McNicholas' may be due to the same 
* Bureau of Standards Technological Papers, No. 148, p. 8, 1920. 
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selective absorption. That band, however, is of much greater ex- 
tent. Their transmission curves for this mirror glass show a very 
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Fic. 1.—Mean contours of absorption bands in spectra as described in the test. 
The abscissae are wave-lengths, and the ordinates are intensities, expressed as percent- 
ages of absorption of the continuous spectrum. 
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marked depression at about A 3800. If this band should exist in any 
of the optical glasses it will cause some difficulties in the measuring 
of the cyanogen band at \ 3885 in stellar spectra. The transmission 
curve given for several optical glasses of Jena by H. A. Kriis' do not 
have observed points close enough to show an absorption band of 
too A in width. The observations of Miiller and Wilsing of the 
transmissions of the optical glasses in the refractor of the Potsdam 
Astrophysical Observatory were made by photographing the violet . 
region with a spectrograph. Had there been any marked absorp- 
tion bands in this region in those glasses they would no doubt have 
been found. However, since the cyanogen band at A 3885 has such 
an important part in astrophysical problems, an investigation in 
this spectral region of any selective absorption of the optical glasses 
of the telescopes used in measuring the cyanogen absorption in stel- 
lar spectra would be in order. 

Perhaps this selective absorption in mirror glass is the same as 
the pseudo-band at \ 3800 found by Shapley and Payne? in the 
spectra of certain early type stars. They attributed the band to a 
confluence of a number of strong, low-excitation lines of iron and 
magnesium which resulted from a bombardment of the star by me- 
teors. 

In the foregoing observations the absorption band at \ 4200 in 
stellar spectra is accounted for by the selective absorption of the 
glasses of our telescope and spectrograph. Most of the recorded 
observations of this band in stellar spectra indicate that it is of 
variable intensity, which would put the origin of the band outside 
of the instrument. However, the only quantitative observations 
are those for the band in Vega given by Shapley in his first paper. 
In view of the selective absorption of optical glass, accurate photo- 
metric observations must be made on the bands in the stellar spectra 
and in continuous spectra obtained with the same instrument in 
order to determine if there is a band of stellar or atmospheric origin. 


YERKES OBSERVATORY 
November, 9, 1929 


* Zeitschrift fiir Instrumentenkunde, 23, 197, 229, 1903. 
2 Harvard College Observatory Circular, No. 317, 1928. 
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THE CONTOURS OF SOME IRON LINES IN THE 
SPECTRUM OF 27 y CASSIOPEIAE 


By C. D. HIGGS 


ABSTRACT 

Some recent spectrograms of this well-known star of spectral class Be, taken at the 
Yerkes Observatory, clearly show the similarity in structure between the lines of ionized 
iron and of hydrogen. Emphasis is laid on this resemblance only, and no claim is made 
for individual features in the contours, factors involved in which are briefly mentioned. 

Recent spectrograms of 27 y Cassiopeiae taken at the Yerkes Ob- 
servatory so well confirm previous observations with respect to the 
behavior of the iron lines in its spectrum that perhaps a brief pre- 
liminary announcement may not be out of place at this time. R. H. 
Curtiss first notes, in 1916, that the metallic emission lines share the 
well-known structure of the hydrogen lines in this star,’ and later 
Merrill, Humason, and Miss Burwell,? and Merrill, again, in his dis- 
cussion of stars whose spectra contain bright iron lines,? bear out 
their recognition and identification. The need for spectrograms of 
high dispersion with a maximum of contrast is stated as a prerequi- 
site for further inquiry into the conditions obtaining in this stellar 
type. 

The spectrogram selected for this particular cursory investiga- 
tion was a three-hour exposure on an Eastman Process plate (No. 
R-1616), on October 8, 1929, at 1530" U.T. It was taken with the 
Bruce three-prism spectrograph, attached to the 4o-inch telescope, 
giving a dispersion of 10 A per millimeter at \ 4500. Messrs. Struve 
and Hujer were the observers. The lines measured extend through 
the range of that type of plate—from H8 to Hy, and are given in 
Table I. The intensities therein are purely arbitrary. 

A microphotometric tracing was made of this plate, from which 
the percentages of emission or of absorption in the line contours were 
reduced. Specimens of some of the iron emission lines, HB and Hy, 
and the two helium absorption lines \ 4388 and \ 4472 are repro- 

t Publications of the Astronomical Observatory, University of Michigan, 2, 1, 1916. 


2 Astrophysical Journal, 61, 389, 1925. 3 Tbid., 65, 286, 1927. 
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TABLE I 


List oF MEASURED LINES, PLATE R-1616, 27 y Cass 


LA.* 


Pos. 


IDENTIFICATION 


Int. 


4488.0 E.. 
4489.3 E.. 
4505.5E..... 


Viol. 
Red edge 


Viol. 
Red edge 


Viol. 
Red edge 


Viol. edge\ 
Red edge { 


Viol. edge 
Red edge 
Viol. 


Viol. edge\ 
Red edge { 


Viol. edge| 
Red edge { 


Viol. edge\ 
Red edge { 


Feu 


Few 


b4P{—a‘D}j 


a°Sj—a4D} 
(Too near N 11) 


as 5 


22. 


49. 


* E=emission; A =absorption. 


4582.1 E.....| Viol. edge 
Red edge 
4 4600.9 E... Viol. 
4 4602.8E..... Red edge 
‘ 4627.0E..... Viol. edge 
4 4630.5 E... Red edge 


+ Intensities are arbitrary. 
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435007 i Fe 51.77 
2 Feu 89.21 
dee 
4520.0E..... 
4522.2A..... 3 Few mm 64 
4623-6 
4540.8E..... 
4555.0 
4555.8E..... 
| 4557.8E..... 2 biFj—a‘F, 55-90 
5 Feu 83.84 
Fer O1.49 
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TABLE I—Continued 


IDENTIFICATION 


Pos. 


Viol. edge| 
Red edge 


Viol. edge} 
Red edge { 


Viol. edge\ 
Red edge { 


Viol. edge\ 
Red edge { 


I 


30 


duced in Figure 1. The positions in angstroms, as shown in the table, 
are rather roughly estimated, for purposes of identification, from the 
comparison spectrum, as measured with the micrometer. From these 
a scale of wave-lengths was converted and directly ruled on the mi- 
crophotometric tracing, and the positions of the lines further cor- 
roborated and identities established. Owing to unequal shrinkage in 
the bromide paper, used for the tracing, and to mechanical inaccura- 
cies in the movement of the microphotometer itself, no very strict 
claim may be held for the wave-lengths thus established. For pur- 
poses of comparison the contours of Hf and Hy from one of the 
usual Eastman 40 plates are also shown (No. R-1362). 

It will be noted that the Fe lines show similar characteristics to 
the H lines, both as regards the bright components and the central 
absorption. The emission portions have also a nearly equal displace- 
ment in angstroms, assuming values quite consistent with the earlier 
measures of Curtiss. The He absorption lines at \ 4388 and A 4472 
and the Mg line at \ 4481 are quite shallow. Mr. Struve, in a late 
paper," has called attention to the relative intensities of these two 
He lines, finding the greater value for \ 4472. As the figure indicates, 
the contours bring out the inverse ratio for this star. 

Of course no claim can be made for the reality of individual 
features of these contours. There seems to be a marked discrepancy 
in the ratios of the percentage of emission of HB and Hy between 


t Nature, 122, 994, 1928. 
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4646.0E..... 
4054.0 3 Feu 56.98 
4658.0E..... 
2 Fen 46.75 
4669.2 E..... 
4683.5 
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the two plates. It is noticeable that the central absorptions appear 
proportionately much deeper by visual examination than are in- 
dicated by the microphotometric deflections. This is especially ap- 
parent in the case of H8. There is undoubtedly an effect of integra- 
tion to be reckoned with here. Also it is quite evident that the back- 
ground fog is greater at this point on this specific plate, whereas the 
continuous spectrum has fallen away almost entirely. On the other 
hand, owing to the Eberhard effect, the central absorptions might be 
expected to be deepened. 

There is some evidence for the asymmetry and unilateral in- 
tensity, noted by Miss Payne,’ although it will require a more ex- 
tended investigation, involving a series of such piates, to establish 
definitely the reality of these and similar features. The writer hopes 
that a program of a more quantitative nature in this type of spectra 
may be carried out during the coming winter. 


The kindly proffered aid and suggestions of Dr. Struve and 
Mr. Elvey, of the Yerkes staff, is gratefully acknowledged. 


YERKES OBSERVATORY 
November 1929 


* Harvard Bulletin, No. 837, 1926. 


NEW DETERMINATION OF THE SPECTROSCOPIC 
AND VISUAL ORBITS OF 61 » ORIONIS 


By PAUL BOURGEOIS 


ABSTRACT 


Elements of the orbit of the spectroscopic binary.—New observations obtained this 
year permit the completion of the set of elements of the spectroscopic binary through a 
complete period of variation of y. For 1929.7: y= +42.1 km/sec. 


Elements of the orbit of the visual binary.—A table is given of ten visual observations 
of the companion covering the period of time from the discovery in 1914 to 1927. From 
the velocity-curve of the center of mass of the spectroscopic binary the following ele- 
ments were deduced: y= +43.3 km/sec.; P=17.5 years; e=0.76; K=14.9 km/sec.; 
w=43°; T=1911.75; @ sin i=850,000,000 km; (m3 sin3 i)/(m+mx?= 0. 60. The visual 
observations give the following additional elements: i= +70°; §4 =39°; @=0727; w= 
223° and a (spec.) =go0,000,000 km; m3/(m-+-m1)?=0.72. 

A variation of T was found having a period of 17.5 years. The light-equation is not 
sufficient to explain this variation. Perturbations in the triple system may be responsi- 
ble for a part of it. 

The star 61 Orionis (a,52;.0= 5"58™2; §152;.0= +9°39) has been 
known as a spectroscopic binary since 1906,’ and suspected to be a 
triple system a few years later; it was also discovered to be a visual 
binary in 1914.2 Edwin B. Frost and O. Struve in 1924 made a care- 
ful study of this star and an attempt to determine the elements of 
the visual pair. This is of great interest since the visual double star 
is a very difficult object and many years might elapse before a good 


determination of the orbit from the visual observations alone could 


be secured. 
The rough elements deduced in 1924 were: 


P= 18 years e€=0.6 

vy=+40.8 km/sec. T=10911.7 

K= 4.0km/sec. a sin 1= 300,000,000 km 
w= 98° 


It was also assumed at that time that the orbit could not be much 
inclined to the line of sight. 

Additional information was given by Edwin B. Frost, Storrs B. 
Barrett, and O. Struve in 1929.4 The total observed range in the 


* Edwin B. Frost, Astrophysical Journal, 23, 266, 1906. 

2 Lick Observatory Bulletin, 8, 93, 1914. 

3 Astrophysical Journal, 60, 192, 1924. 

4 Publications of the Yerkes Observatory, 7, Part I, 1929. 
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value of y became 29 km/sec., and the other elements seemed not to 
be much altered. The star was kept on the program of the Yerkes 
Observatory for continued observations. 

As soon as observations of this star could be begun this fall, new 
plates were taken with a dispersion of three prisms. The results of 
my measures on these plates are given in Table I, the last column 
giving the O—C resulting from a new determination of the spectro- 


scopic orbit. 
TABLE I 


RADIAL VELOCITIES OF 61 » ORIONIS 


UF: Observed By Quality Vel. in km/sec. 
1929 Hu, f +63.5 +0.3 
Sept. 18.399... . Hu, $ f 10.4 +1.9 
Sept. 21.424.... o, Bgs, S p 44.8 —0.9 
Sept. 24.424.... Hu, $ p 65.3 — 8 
Ott. o,S g 21.0 — .2 
1929: Oct. 114.383 g +19.5 Xe) 


In Table I the names of the observers are indicated as follows: Bgs=P. Bourgeois; 
Hu=C. Hujer; «=O. Struve; S=F. R. Sullivan. In the column for quality of the plate, 


g=good; f=fair; p=poor. 


The general characteristics of this orbit are well known; there- 
fore I assume it to be circular with a period of 4.44746 days. 
I obtain the following elements: 
T= 2,423 ,862.224 
a sin i=1,800,000 km 
m3 sins 7 


(m+m,)? 


=+42.1 km/sec. 
P= 4.44746 days 
K= 29.0 km/sec. =0.0113 
The probable error of one observation is +0.6 km/sec. 

Figure 1 gives the velocity-curve of the spectroscopic binary in 
1929. 

Table II contains for all the determinations of the circular orbit 
thus far obtained the epoch, the period, 7, K, and y. In order to 
obtain a better representation, I have adjusted the values of T for 
the groups 6, 7, and 8. These values of T were originally given by 
Edwin B. Frost, Storrs B. Barrett, and O. Struve' as being all equal 
to 2,423,862.174. 

[bid. 
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Table III contains all the visual observations available until now, 


with the remarks of the observers. 


Several trials were necessary in order to secure an orbit that 


would represent both the visual and spectroscopic data. The follow- 
ing elements are a compromise between the somewhat conflicting 


observations. 


Velocity in km/sec. 


Phase in days 


Fic. 1.—Velocity-curve of the spectroscopic binary 61 yw Orionis in 1929 


I get for the elements deduced spectroscopically: 
o-c 


Elements Group 
7=+43.3 km/sec. I —0.5 
P= 17.5 years 2 (—1.9) 
= 0.76 3 +0.1 
K= 14.9 km/sec. 4 +0.7 
w= 43° 5 +1.1 
= IQ11.75 6 
asini= 850,000,ccokm 7 0.0 

0.60 8 +o.1 
L= 379* 9 “5-5 

N= 406* 


* Notation according to Union Observatory Circular, No. 68. 


The probable error of one epoch is +o0.5 km/sec. 
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Figure 2 gives the velocity-curve of the center of mass of the 
spectroscopic binary. The second group has been omitted as having 
very little weight according to a remark given with the general table 
of the early observations. 


TABLE II 
ELEMENTS OF THE SHORT-PERIOD SPECTROSCOPIC BINARY 61 » ORIONIS 

Group | Epoch [Number off in Days T in J.D. in km/sec. 
1906.9 25 4.44746 2,423, 862.194 30.4 +44.0 
1908 .o 17 4.44746 2,423,862 .358 28.8 44.3 
1915.2 36 4.44746 2,423,862.144 30.1 37-3 
1917.5 24 4.44746 2,423,862.141 30.5 30.3 
1921.7 22 4.44746 2,423 ,862.174 30.8 42.7 
1927.0 9 4.44746 2,423 ,862.299 32.0 49.0 
1928.0 10 4.44746 2,423, 862.326 33-5 55.2 
1928.9 7 4.44746 2,423,862 .344 66. 
1929.7 7 4.44746 2,423, 862.224 29.0 +42.1 

* Group 2 is uncertain; see Astrophysical Journal, 60, 194, 1924. 
TABLE III 
VISUAL OBSERVATIONS OF 61 » ORIONIS 
Num- 
Date | Position | O-C | Dist. | O-C ber of| Observer Remarks 
Nights 
1914.74..| 32°0 | — 3°5 | 0736 | +0%05 | 3 | Aitken 
1917.41..| 20.4] — 8.2 .38 .oo | 2 | Aitken Difficult 
1918.11..| 16.4 | —10.6| .31 | — .08 | 1 | Aitken Very difficult 
1919.97..| 25.8 | + 3.0 .38 | + .o1 | 1 | Van Biesbroeck ee, 
1920.51..| 15.8] — 5.7 .32 | — .04] 2 | Aitken 
1921.80..| 22.7 | + 4.8 .30 | — .03 | 2 | Aitken Very difficult 
1924.24..| 18.0] +10.1 .20| — .04| 3 | Van Biesbroeck 
1924.74..| 358.3 | — 6.3 23 | + .o2 |} 2 | Van Biesbroeck 
1926.94..| 350.0 | +21.0 13 | + .03 4} Elongation ex- 
1927 .13..| 345.9 | +24.0] 0.11 | +0.02 |] 4 Van den Bos tremely doubt- 
ful 


I get from the visual data the following additional elements: 


i=+70° w= 223° 

Q = 39° a (spec.) = 900,000,000 km 

a= 0/27 7? 


The positive sign of the inclination results from the radial velocity, 
because the star was receding when passing through the ascending 
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node. The residuals O—C are given in Table III and were computed 
with the tables of the Union Observatory" with the constants: 
A=0.193 F=—o0.101 
B=0.075 G=—o.168 


Figure 3 shows the visual observations and the apparent orbit 
best adjusted to them and to the spectral observations. 
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Fic. 2.—Velocity-curve of the center of mass of the spectroscopic binary 61 u 
Orionis. 


We now refer to the following remark by Edwin B. Frost and 
O. Struve in their paper of 1924: “If the adopted value of the period 
is not quite correct, slightly different values of T would result, but 
in that case all these values, if plotted against the time, would fall 
on a straight line, which is not the case in fact. The cause is probably 
to be found in the light equation.’’? Accordingly I plotted the values 
of T obtained for the several groups, against time. There appears a 
variation that seems to be periodic and that has the same period as 
the velocity-curve of center of mass; but the amplitude is too large 
to be explained by the light-equation alone. This may in part be 
the result of perturbations in the triple system. 

* Union Observatory Circular, No. 71, Appendix. 

2 Astrophysical Journal, 60, 192, 1924. 
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The upper curve in Figure 4 illustrates the observed variation. 
In the lower curve I have shown the theoretical curve due to light- 


Fic. 3.—Orbit of the visual binary 61 » Orionis 
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Fic. 4.—Variation of T and light-equation 


equation as computed from the elements. In drawing the smooth 
curve I have avoided the value obtained for the second group for 
the reason given above. 
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For the benefit of visual observers I have computed an ephemeris 
for the coming years: 


Date Position Angle Distance 


Through the kindness of Professor Edwin B. Frost I was given 
an opportunity to use the material available at the Yerkes Observ- 
atory for this paper. I beg to acknowledge here my gratitude to the 
C. R. B. Educational Foundation for assigning to me an advanced 
fellowship which has made possible my visit to the United States, 
also to Messrs. Edwin B. Frost, G. Van Biesbroeck, and O. Struve 
for helpful advice so freely given. 


YERKES OBSERVATORY 
November 8, 1929 


MINOR CONTRIBUTIONS AND NOTES 


CONTOURS OF CERTAIN LINES IN 88 y PEGASI 


ABSTRACT 

The contour of the line at \ 4470 in the star 88 7 Pegasi was found to be appreciably 
broader than the contours of several other lines, due to Si** and to Mg*. This adds 
some weight to Struve’s identification of this line with a forbidden line of helium, since 
the broadening is probably caused by mol-electric Stark effect. 

We have examined the contours of a certain number of lines in 
the spectrum of 88 + Pegasi, taken on a Process plate with the dis- 
persion of three prisms (10 A per millimeter at \ 4500). The ob- 
server during this exposure with the Bruce spectrograph was Mr. C. 
Hujer. The spectrogram was analyzed with the registering micro- 
photometer of the Yerkes Observatory, according to the method 
adopted by C. T. Elvey. The lines we have examined are: He 4388, 
He 4472, Mgt 4481, Si** 4552, Sit* 4568, and Si** 4574. The results 
are given in the figure. The lines of silicon and magnesium are sym- 
metrical and very sharp. The line He 4388 seems to be broadened 
to the violet, in accordance with the results of Elvey.' The contour 
of the violet wing of the line He 4472 shows very clearly the existence 
of the forbidden line He 4470 identified as such by O. Struve in re- 
cent papers.’ 

By supposing the line He 4472 to be symmetrical we obtain the 
contour of He 4470, by subtracting the intensities on the red side of 
He 4472 from the corresponding values on the violet side. This is 
shown under ¢ in the figure. It will be seen that the line at \ 4470 is 
much broader than any of the lines of Si+*+ or of Mgt. This dif- 
ference is probably due to the fact that neither Si** nor Mgt are 
much broadened by Stark effect, while for helium this type of broad- 
ening is very pronounced.’ The identification of the line \ 4470 with 
forbidden helium is thus made more probable. 


* Astrophysical Journal, 69, 237, 1929; ibid., 70, 141, 1929. 
2 Tbid., 69, 173, 1929; ibid., 70, 85, 1920. 
3 Struve, ibid., 69, 178, 1929. 
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We have supposed that the line He 4472 is symmetrical. It is 
evident that any asymmetry in this line toward the red could only 
make 4470 still broader. The unsymmetrical shape of this latter 


g 


Fic. 1.—Contours of lines in 88 y Pegasi: a, Mg* 4481; b, Si** 4552; c, Si** 4568; 
d, Si** 4574; e, He 4470; f, He 4388; g, He 4472. One division in the abscissa corre- 
sponds to o.5 A.U.; one division in the ordinate corresponds to an absorption of 10 
per cent, counted from the background of the continuous spectrum, except in contour e, 
where it is counted from the wing of the line He 4472. 


line, which is well shown in the figure, would agree with the direction 
in which this line is displaced by the Stark effect.’ It should be re- 
membered, however, that the asymmetry of 4470 depends in part 
upon the assumption that 4472 is symmetrical. 


J. PAUWEN 
YERKES OBSERVATORY 
‘October 1929 


Ibid., p. 192, 1929. 
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